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Due to the energy structure of ―rich coal, meager oil and little gas‖ in our country 
and the fact of low utilization efficiency of coal at present and its resulting 
environmental impact, making use of coal and the green productions become more 
and more critical. With the advantages of higher energy conversion efficiency and low 
water consumption per unit heat, coal-to-synthetic natural gas has become a hot 
research topic especially in China. However, the key technology of coal-to-synthetic 
natural gas, methanation technology has not been matured worldwide as the Great 
Plain coal to synthetic natural gas is the only one industrial scale plant in the world. 
Therefore developing methanation technology with our own intellectual property 
rights is of great significant for the energy needs in China. In this thesis the 
thermodynamic analysis, process simulation and economic analysis for synthesis gas 
methanation are firstly investigated. Upon these, the basic framework of systematic 
analysis and design of synthesis gas methanation process are discussed and several 
flow-sheets configurations are constructed, simulated and analysed. 
To start with, based on six typical reactions of methanation, thermodynamic 
analysis is conducted in Chemcad by using Gibbs free energy minimization method. 
The effects of the reaction conditions such as temperature, total pressure and H2/CO 
ratio on methanation and products distribution are simulated and discussed. The 
results show that the optimal conditions for the methanation are temperature 200-400 
ºC, high pressure and a H2/CO ratio of 3. The addition of water into the feed gas can 
alleviate the carbon deposition to a large extent. On the contrary, CO2 will act to the 
opposite and aggravate carbon formation. When CO2 added into the feed gas, it is 










 would be the criterion to minimize carbon formation 
and deposition. 
Secondly, the kinetic equations with exponential type are obtained based on the 
Ni-ZrO2 catalyst from Professor Zhang. Combining the kinetics with the one 















simulator is setup. The effects of the reaction conditions such as temperature, total 
pressure, and gas volume flow and circulation ratio on methanation and products 
distribution are simulated and discussed. 
Finally, three cases of methanation process are simulated subject to the 
conversion of CO above 99.99%, the outlet temperature of reactor below 650℃ and 
chemical equilibrium. One is four reactors with inter-reactor heat exchange, which is 
named as case I. The other is case II: two reactors with stream circulation. Case III is 
similar to the case II except that the number of reactor is three. The results of 
economic analysis show that the highest economic efficiency is the case I. But it also 
requires the catalyst being able to tolerate high temperature. Case III is better than the 
case II as the high circulation ratio for the latter leading to higher circulation power 
consumption and lower profit of steam. 
Key Words: Methanation; Thermodynamic Analysis; Process Simulation; Economic 



























































天然气地质资源量为 52 万亿立方米，最终可采资源量约为 32 万亿立方米。截至
2010 年底，累计探明地质储量 9.13 万亿立方米，剩余技术可采储量 3.78 万亿立




计 2012》报导，我国天然气供应量到 2011 年已经达到了 1025 亿 m3，比 2010
年增长 8.1%。 



























图 1.1 天然气产量与消费量 
Fig. 1.1 The volume of production and consumption of nature gas 
近年来，随着我国工业化进程的不断加深，天然气消费量呈现爆发式增长，
并且出现了消费量高于产量的情况。2011 年全国天然气消费量达 1307 亿 m3，比
2010 年增长了 21.5%，预计 2012 年增幅仍在加大。近几年我国天然气供应量和


















2015 年我国天然气需求量将达到 1800 亿 m3，存在着 500 亿 m3的缺口。到 2020
年，天然气需求量将达到 2500 亿 m3，同期产量为 1400-1600 亿 m3，缺口将达到
1000 亿 m3，供需矛盾将进一步加剧[6]。消费量的增加，造成我国天然气进口量
持续增长，对外依存度不断攀升。我国从 2006 年开始进口天然气，为 0.9 亿立
方米，2010 年进口量达到 170 亿立方米，对外依存度达到 15.8%。随着中亚天然










图 1.2 煤制合成天然气流程示意图 
Fig. 1.2 Process diagram of Coal to synthetic natural gas 
煤制合成天然气目前成熟的工艺是煤炭气化经合成气制成合成天然气
（SNG），也称间接法，大概流程如图 1.2，煤与空分单元产生的氧气以及一部分
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